• C. elegans gsr-1 gene encodes cytoplasmic and mitochondria isoforms of glutathione reductase.
INTRODUCTION

5
homeostasis. However, studies on mice harboring conditional alleles of cytosolic thioredoxin reductase
117
TrxR1 to bypass embryonic lethality demonstrate that TrxR1-null mice and cells are robustly viable, 118 relying on the glutathione pathway for survival [35, 36] . Indeed, mice lacking both TrxR1 and glutathione 119 reductase in all hepatocytes sustain hepatic redox homeostasis and organismal survival, through de 120 novo GSH synthesis via the transulfuration pathway using dietary methionine as cysteine precursor 121 [16] . Together, these data in mammals uphold a more prominent role of the glutathione pathway on 122 maintaining redox homeostasis while the thioredoxin system appears to play key functions during 123 embryonic development.
124
In contrast to mammals, the C. elegans thioredoxin system is dispensable for embryonic and 
138
C. elegans GSR-1 is widely expressed and is targeted to both cytoplasm and mitochondria.
139
The gsr-1 locus is organized into 5 exons and 4 introns and expresses two main mRNA variants,
140
gsr-1a and gsr-1b1 ( Figure 1A ), whose conceptual translation results into two different isoforms, GSR-141 1a and GSR-1b, with the former having an additional 14 amino acid N-terminal extension ( Figure 1B) .
142
Two other minor mRNA variants have been reported, gsr-1b2 and gsr-1b3, which differ only in the 143 sequence of their respective 5´-UTRs but also generate the GSR-1b isoform
144
(http://www.wormbase.org/). C. elegans GSR-1 is highly homologous through all protein domains to 145 vertebrate glutathione reductases, including the conserved redox active site CVNVGC (Figure 1B-C) .
146
The GSR-1a N-terminal extension, mostly encoded by the first gsr-1 exon, displays characteristics of a 147 mitochondrial targeting sequence (MTS) [40] , cleavable by the two matrix protease model ( Figure 1D) 148 [41] . This predicts that GSR-1a is located in the mitochondrial matrix while GSR-1b, lacking this putative
149
MTS and initiated from a downstream in-frame ATG codon located at the beginning of the second exon
150
( Figure 1A) , is a cytoplasmic protein.
151
To demonstrate this dual subcellular localization in vivo as well as to describe in detail the tissue
152
and cellular expression pattern of both GSR-1 isoforms, we first generated transgenic worms 
, we set to investigate whether the gsr-1 first intron also has promoter activity. 
165
To prove that C. elegans gsr-1 gene encodes both mitochondrial and cytoplasmic isoforms in 166 vivo, we generated transgenic worms expressing the full gsr-1 translational GFP fusion in which either
167
ATG codon is mutated ( Figure 2L ). Thus, inactivation of the second ATG codon forces translation from 
182
To investigate GSR-1 function, we used a worm strain carrying the gsr-1(tm3574) deletion allele,
183
which spans 383 bp and removes part of gsr-1 third exon, the third intron and part of the fourth exon
184
( Figure 1A) . Figure 3B ), are highly sensitive to juglone and paraquat ( Figure 3C) , have a fully 209 penetrant larval arrest phenotype in a trxr-1(sv47) mutant background ( Figure 3D ) and induce GST-4
210
and GCS-1 reporters without significant SKN-1B/C::GFP nuclear translocation ( Figure 3E) 
226
Next, we moved to study in detail the gsr-1(m-,z-) embryonic arrest phenotype. For this purpose,
227
we video-recorded several gsr-1(m-,z-) embryos (n=26) and found that they all arrest at the 
236
We next explored the possible causes of the progressive delay of cell division timing of 
259
The Figure 7A ). These data imply that cytoplasmic GSR-1 is sufficient to 292 restore normal embryonic development and that alternative redox systems such as the cytoplasmic
293
thioredoxin system (redundant to the glutathione system in other organisms) are not able to substitute
294
GSR-1 when absent from the cytoplasm.
295
The dispensability of mitochondrial GSR-1a, at least under non-stress normal growth conditions,
296
could be explained by the presence of a redundant GSSG reducing system in mitochondria. In S. 
459
These constructs were used to transform the E. coli BL21(DE3) strain and recombinant protein 
467
Tris-HCl 20 mM pH 8, 0.1 M NaCl buffer and eluted with 100 mM imidazol. Finally, the purified proteins
468
were dialyzed against the same buffer and concentrated using Centricon YM-10 filter devices
469
(Millipore). The glutathione reductase enzymatic activity was determined as previously described [75] .
470
Briefly, a standard assay mixture (0.5 ml) containing potassium phosphate buffer 0. 
545
significantly greater fluorescence of the gut mitochondria than did gsr-1(m+,z-) animals (P <0.001).
546
Images were taken with a fixed exposure of 1 s on the Nikon H600L microscope and the fluorescence 547 was quantified using ImageJ. Corrected total animal fluorescence was calculated as follows: Integrated 548 density -area of the worm x mean fluorescence of three background readings. Data were analyzed 549 using a Mann-Whitney test as data were non-parametric.
551
Embryonic chromatin dynamics analysis.
552
BN323 animals were maintained at 16ºC and shifted to 25ºC 2 hours prior to microscopy.
553
Heterozygous and homozygous gsr-1 mutants were dissected and early embryos were mounted 
557
Apo VC 60x/1.4 objective (Nikon, Tokyo, Japan) using a pinhole of 39. MALLPRALSAGAGPSWRRAARAFRGFLLLLPEPAALTRALSRAMACRQEPQPQGPPPAAGAVASYDYLVIGGGSGGLASARRAAELGARAAVVESHKLGG 100 activity restricted to cytoplasm are as resistant as wild type control to paraquat and juglone treatments. Therefore, mitochondrial glutathione reductase isoform is not required for resistance to these chemicals. Data are the mean ± SD of three independent experiments with three biological replicates each (n ± 200).
